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Description
FIELD OF THE INVENTION

[0001] The invention relates to an electrode plate for
electrical stimulation of cutaneous sensory receptors, in
particular for patterned stimulation of cutaneous A fibers
and cutaneous Ad/C fibers within defined skin areas for
the relief of itch, pain and other medical or animal care
or cosmetic purposes, and to a corresponding use and
method of treatment.

BACKGROUND OF THE INVENTION

[0002] US-A-2004/0164454 discloses a method for
manufacturing micro-elements with through-holes, for
delivery of fluids to a patient through the skin. US
4,969,468 discloses an electrode array with multiple nee-
dle-like electrodes.

[0003] In the skin different sensory qualities interact
competitively with one another (Schmidt R F (1971). Pr-
esynaptic inhibition in the vertebrate central nervous sys-
tem. Ergebn. Physiol. 63:20-101; Melzack R et al.(1965).
Pain mechanisms: a new theory. A gate control system
modulates sensory input from the skin before it evokes
pain perception and response. Science 150: 971-979;
McMahon S B et al. (1992). ltching for an explanation.
Trends in Neurosci. 15/12:497-501; Ward L et al. (1996).
A comparison of the effects of noxious and innocuous
counterstimuli on experimentally induced itch and pain.
Pain 64:129-138). Mechanical stimulation inhibits ongo-
ing pain (Wall P D et al.(1960). Pain, itch, and vibration,
A.M.A. Archives of Neurology 2:365-375; Sj6lund B H et
al. (1990). Transcutaneous and implanted electric stim-
ulation of peripheral nerves. In: J. Bonica (ed): Manage-
ment of Pain, 2nd edition, Lea & Fegiber, Philadelphia,
p 1852-1861)). To utilize the interactions between tactile
and pain pathways, transcutaneous electrical nerve stim-
ulation (TENS) was developed in the seventies (Flower-
dew et al. (1997); Osiri et al, (2003)). This method uses
surface electrodes that are attached to the skin overlying
the nerve to be stimulated. Stimulation intensity is such
that mainly the large nerve fibers, classified as Ap fibers,
carrying tactile information, are activated. Different forms
of TENS are known and are frequently used in the clinic.
Conventional TENS uses high frequency stimulation of
tactile Ap fibers. Another form of TENS was later devel-
oped to activate deep afferents from the muscles
(Sjélund et al. 1990). In this case, TENS is given with a
low frequency at an intensity that cause muscle contrac-
tion. Both methods have been shown to produce anal-
gesia, although the mechanisms of action appear to be
different (Sjoélund et al. 1990). TENS is, however, not
suitable for the stimulation of non-myelinated fibers clas-
sified as C fibers. Using TENS, the threshold current
needed to activate C fibers is very high and thus cannot
be tolerated. Clinical effects of TENS are summarized
by Flowerdew and Goadsby (1997), Osiri et al (2003).
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[0004] Particularly strong interactions are found be-
tween submodalities of the nociceptive system (here in-
cluding itch), e.g. low frequency electrical stimulation of
AS/C fibers, i.e. thin myelinated fibers and non-myelinat-
ed fibers, respectively, may cause a durable depression
of nociceptive C fiber transmission both in vivo (Sjélund
B H (1985). Peripheral nerve stimulation suppression of
C fiber-evoked flexion reflex in rats. Part 1: parameters
of continuous stimulation. J. Neurosurg. 63:612-616;
Sj6lund B H (1988). Peripheral nerve stimulation sup-
pression of C fiber-evoked flexion reflex in rats. Part 2:
parameters of low-rate train stimulation of skin and mus-
cle afferent nerves. J. Neurosurg. 68:279-283; Klein T et
al. (2004). Perceptual correlates of nociceptive long-term
potentiation and long-term depression in humans. J.
Neurosci. 24:964-71) and in vitro spinal preparations
(Sandkduhleretal., 1997). Furthermore, noxious mechan-
ical stimulation that strongly activates tactile A and no-
ciceptive C fibers, such as scratching, reduces itch.
These interactions occur at several levels in the soma-
tosensory system, e.g. the dorsal horn of the spinal cord
(Melzack et al. (1965); Cervero F et al. (1979). An elec-
trophysiological study of neurones in the substantia ge-
latinosa Rolandi of the cat’s spinal cord. Quart. J. Exp.
Physiol. 64:297-314) and the thalamus (Olausson B et
al. (1994). Dorsal column inhibition of nociceptive tha-
lamic cells mediated by gamma-aminobutyric acid mech-
anisms in the cat. Acta Physiol. Scand. 152: 239-247.),
and are often topographically well organized. It is there-
fore important to stimulate local areas that are related to
the itchy or painful body part.

[0005] To enable stimulation of thin afferent fibers, in-
cluding Aé and C fibers for the relief of itch and pain, a
new technique, termed Cutaneous Field Stimulation
(CFS), was introduced (Schouenborg, 1995; Nilsson et
al, 1997, Nilsson and Schouenborg, 1999; Nilsson et al,
2003, 2004). CFS allows topographically restricted and
tolerable electrical stimulation of thin (A and C) cutane-
ous fibers but is not useful for the stimulation of Ap fibers.
CFS uses a flexible rubber plate with multi-array needle-
like electrodes regularly fixed at 2 cm intervals. Each
electrode is surrounded by an elevated "stop-device"
about 2.0 mm in diameter that protrudes 2.0 mm from
the plate. The electrode tip usually protrudes 0.3 mm
from the stop-device. When gently pressing the electrode
plate against the skin, the electrode tips are introduced
close to the receptors in the epidermis and the superficial
part of dermis (Kruger et al, 1985). Since the electrodes
traverse the electrically isolating horny layer of the epi-
dermis and the current density is high near the sharp
electrode tips, the voltage and current required for stim-
ulating cutaneous nerve fibers are small, typically less
than 10 V and up to 0.8 mA, respectively. As the current
density decreases rapidly with distance, localized stim-
ulation is achieved. The electrodes are stimulated con-
secutively with a constant current stimulator, each elec-
trode with a frequency of 1-10 Hz (pulse duration 1.0ms)
and treatment duration of 5-45 min. A self-adhesive sur-
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face (TENS) electrode serves as anode and is usually
placed about 5 - 30 cm away from the needle electrode
plate. Clinical effects of CFS have been summarized by
Nilsson et al., 2004.

[0006] Arrays of needles on stiff electrode plates are
known in the art. In these cases there are no means of
controlling skin indentation other than the length of the
needles. Due to the fact that most body parts are curved;
such electrode plates usually do not allow controlled skin
penetration of multiple needle electrodes to a defined
skin depth.

Shortcomings of the present technology
[0007]

1. Given the strong interactions between different
sensory modalities and the strong effects of A3/C
fibers it would be a considerable advantage to com-
bine effective Ap fiber stimulation (such as TENS)
and A5/C fiber stimulation (such as CFS) in the same
equipment. Then the aversiveness of A3/C fiber stim-
ulation could be masked by concurrent A/ fiber stim-
ulation. There is, however, no known method that
combines an effective stimulation of Ap fibers at mul-
tiple plates and in a tolerable way, with consecutive
stimulation of A5/C fibers with a pattern of needle-
like electrodes within a defined skin area. Moreover,
there is no known method to combine TENS and
CFS in one treatment.

2. During the onset of CFS, a pricking pain sensation
is elicited. While being tolerable it is initially uncom-
fortable and this may reduce compliance in children
and persons with sensitive skin. Existing techniques
have no solution to this problem other than a gradual
increase in stimulation intensity.

3. Known devices for cutaneous A3/C fiber stimula-
tion are not easily applied to the skin. For example,
the CFS technique utilizes a bandage to attach the
electrode plate to the skin. In some situations this is
impractical and thus reduces patient compliance. A
method that enables easy attachment of the elec-
trode ensemble and that at the same time keep the
electrode tips at a defined depth in the skin without
taking recourse to a bandage would be a consider-
able improvement.

4. Known methods for multi-channel electrode stim-
ulation of A3/C fibers use an electrode plate that does
not allow moisture from the skin area covered by the
plate to evaporate. This results in accumulation of
moisture between the plate and the skin. This can
short-circuit the electric pulses between the active
electrodes and the reference electrode. Further-
more, it prevents long-term use of the electrode plate
under, for instance, a plaster of Paris. Since the skin
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often becomes very itchy under a plaster of Paris,
this is an obvious shortcoming.

5. Electrodes known in the art protruding from the
CFS plate as disclosed in WO 93/23112 are made
of a conducting material that is different from that of
the stop device that surrounds the electrode. This
arrangement decrease the precision with which the
length of the protruding electrode tips are made dur-
ing manufacture. As it is important to control the
depth in the skin, this is a clear disadvantage.

OBJECTS OF THE INVENTION

[0008] Itis an object of the invention to remedy at least
some of the aforementioned shortcomings.

[0009] In particular, it is an object of the invention to
provide a method of consecutively stimulating AB fibers
and AJ/C fibers in an efficient manner and over a large
skin area.

[0010] A further object of the invention is to provide a
means for such stimulation.

[0011] Further objects of the invention will become ob-
vious from the study of the following summary of the in-
vention, a number of figures illustrating preferred embod-
iments thereof, and the appended claims.

SUMMARY OF THE INVENTION

[0012] The invention provides an electrode plate as
defined in claim 1 hereto, and an assembly as defined in
claim 17. The combination of cutaneous A8/C and ApB
fiber stimulation is known to effectively alleviate pain and
itch. Due to interactions between tactile and nociceptive
pathways in the central nervous system, the combined
stimulation of cutaneous A3/C and AR fibers makes the
stimulation treatment tolerable. The present invention
provides a means incorporating this important principle.
The means of the present invention providing the afore-
mentioned combined stimulation is an electrode plate
carrying two kinds of electrodes, one termed needle-like
(NL) electrodes for intracutaneous stimulation of cutane-
ous thin Ad/C fibers, the other termed conductive plate
(CP) electrodes for transcutaneous stimulation of cuta-
neous large A fibers. The electrode plate can be easily
attached to the skin. In this application the face of the
plate that abuts the skin in an attached position is termed
front face, whereas the face opposite thereto is termed
rear face. The NL and CP electrodes are mounted in a
pattern, in particular in an array, on the front face of the
electrode plate from which they rise about perpendicu-
larly. It is preferred for the CP electrodes to be arranged
in close proximity to the NL electrodes, in particular in a
manner so to make the average distance of the two to
four CP electrodes most closely disposed around an NL
electrode to that NL electrode substantially shorter than
the corresponding distance of the two to four most closely
disposed neighbouring NL electrodes, in particular short-
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er by 50 % or 75% or more. In a preferred embodiment
the electrode plate is designed so as to allow moisture
to evaporate from the skin in an attached position. A pre-
ferred array is the arrangement of CP electrodes in two
rows or more, each row comprising three or more CP
electrodes preferably disposed equidistantly, each pair
of rows being interspaced by a row of NL electrodes pref-
erably disposed equidistantly. The pattern of CP and NL
electrodes may also be irregular such as, for instance,
in a manner of the pattern density decreasing in the di-
rection of its periphery. A preferred horizontal distance
between a CP electrode and a neighbouring NL electrode
is from 1 to 20 mm, more preferred from 5 to 20 mm. It
is preferred for NL electrodes to have a skin penetration
capability of from 0.1 mm, more preferred from 0.2 or 0.3,
to 10 mm or more.

[0013] Theelectrode plate ofthe inventionis preferably
flexible so as to allow it to be bent. The entire electrode
plate need not be flexible but only portions of it, in par-
ticular portions disposed between rows of CP and NL
electrodes. The thickness of the electrode plate of the
invention is generally small in comparison with the ex-
tension of its front and rear faces, such as from 1:3 to
1:10 and even 1:15 and more. In addition to being flexible
the electrode plate preferably comprises resiliently ex-
tendable and/or compressible sections, in particular in
portions disposed between rows of CP and NL elec-
trodes. Suitably the backbone of the electrode plate of
the invention, also termed "electrode plate element" in
the following, is of or comprises a polymer material such
as polyurethane, polyester or polycarbonate. Alternative-
ly or additionally, it may comprise or consist of a non-
woven or woven material, such as medical plaster.
[0014] According to a preferred aspect of the invention
the electrode plate comprise shallow depressions, such
as indents, groves, dimples, channels and similar, in
which CP electrodes and an adhesive for keeping the
electrode plate in abutment with the skin area are pro-
vided, preferably equidistantly spaced columns of CP
electrodes. It is preferred for wall portions of the depres-
sions extending in a skew direction in respect of the main
plane of the generally flat plate to be flexible and even
resilient, in particular more flexible and optionally resilient
than wall portions on which the electrodes are mounted
and/or wall portions disposed between electrodes of the
same kind, that is, in an electrode row.

The aforementioned features allow the electrode plate
to be secured on the part of the body on which it is dis-
posed without having to take recourse to conventional
fastening means such as bandages, ribbons, adhesive
bands or similar fastened to the rear face of the electrode
plate and/or at its circumference.

[0015] According to another preferred aspect of the in-
vention the electrode plate is provided with elevations,
such as ridges, calottes, hemispheres, cones, such as
cones with rounded tops, and similar disposed between
the depressions. On these elevations the NL electrodes
are disposed so as to protrude therefrom in a direction
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substantially perpendicular to the general plane of the
electrode plate and thus about perpendicularly to the skin
area to which the electrode plate is intended to be ap-
plied. This provides for their optimal contact with the skin.
Preferably the elevations are demarcated from the re-
mainder of the electrode plate surface so as to cause a
focused pressure on the elevations when the electrode
plate is in a position attached to the skin. That pressure
makes the NL electrodes penetrate to a desired depth,
preferably corresponding to the length by which the NL
electrodes extend from the electrode plate. The CP elec-
trodes are disposed in-between the elevations, such as
in depressions of the aforementioned kind, with the pro-
viso that they are arranged in close proximity of the NL
electrodes.

[0016] An electrode plate element of the invention thus
may have a wavy form such as that of corrugated sheet.
It is immaterial whether the valleys in the sheet are con-
sidered to be depressions or the crests to be elevations,
the important feature being that the NL electrodes are
disposed on portions of the plate element that, if the plate
element is applied to the skin, are the first touching the
skin, whereas the CP electrodes are disposed on por-
tions of the plate element that will only contact the skin
after application of pressure to the face opposite of the
face on which they are disposed.

[0017] The design of the flexible conductive plate of
the invention with its uneven surface provided with ad-
hesive in depressions of its front face ensures that a de-
sired skin penetration of the NL electrodes is maintained
also after the external pressure applied to the back face
is released at the end of mounting. The front face of the
conductive flexible electrode plate of the invention is tem-
porarily flattened when the plate is applied to the skin by
making it abut the skin and applying pressure to its rear
face, preferably by first making it abut the skin along one
of its edges or, if the plate has a circular or oval config-
uration, at one point of its circumference, and then "roll-
ing"itout on the skin while applying and maintaining pres-
sure to the portions that are consecutively abutting the
skin. When the pressure on its rear face is released the
electrode plate seeks to assume its original conforma-
tion, thereby making the skin at least partially follow its
changes in conformation and the electrode plate thereby
be held in a tensioned state. The tension created in the
electrode plate and the skin portion to which it is applied
keeps the electrode wall portions surrounding the base
of the NL electrodes pressed against positions and,
thereby, the NL electrodes themselves. Because of its
flexible and optionally resilient nature the electrode plate
can also be applied to substantially non-flat skin areas,
such as the human face or a shoulder, elbow or knee.
[0018] According to a further preferred aspect of the
invention the adhesive is an electrically conductive ad-
hesive in contact with the CP electrodes. Alternatively
the CP electrodes and a conductive or non-conductive
adhesive occupy different portions of depressions in the
front face of the electrode plate. In such case, the adhe-
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sive is used primarily or exclusively for attaching the elec-
trode plate to the skin.

[0019] According to still another preferred aspect of
the invention, the electrode plate is provided with one or
more reference electrodes and/or combined with such
electrodes. Itis preferred for the CP electrodes to function
as reference electrodes for the NL electrodes. Preferably
the electrically conductive adhesive is also used for at-
taching the one or more reference electrodes to the skin.
The one or more reference electrode will usually be the
anode whereas the NL electrodes are forming the cath-
ode.

[0020] According to an additional preferred aspect of
the invention the electrode plate of the invention is pro-
vided with multiple through holes or bores communicat-
ing its front face with its rear face to allow moisture to
evaporate from the skin when the plate is in an applied
position. Alternatively the electrode plate is made of a
material with open pores.

[0021] According to a still further preferred aspect of
the invention the NL and CP electrodes of the electrode
plate are controlled by a multi-channel stimulator that is
connected to them by electrical lines, enabling separate
control of each kind of electrode and, if desired, of indi-
vidual rows of electrodes, groups of electrodes other than
individual rows, and even of single electrodes. In a pre-
ferred embodiment, the electrodes are stimulated con-
secutively, sets of neighbouring plate electrodes and
needle like electrodes being stimulated simultaneously
followed by stimulation of other such sets, so that the
arrival of the A fiber input overlaps in time that from A8/C
fibers in the spinal cord or, in case of stimulation of most
of the head the trigeminus nucleus of the brain stem. On
stimulation, various patterns of input in A3/C fibers and
Ap fibers can be obtained by programming the multi-
channel stimulator unit accordingly. For example, a sen-
sory input pattern mimicking that occurring on scratching
the skin or massaging the body can be accomplished by
stimulating the electrodes successively from one side of
conductive plate area to the other.

[0022] By using a relatively high stimulation current at
the plate electrodes, muscle afferents can be stimulated.
Hence, the electrode plate of the invention can also be
used for combined stimulation of afferent nerves from
deep tissue and of cutaneous AS/C fibers. It is also pos-
sible to stimulate deep nerves by high intensity pulses
and cutaneous Ap fibers by low intensity pulses admin-
istered via CP electrodes.

[0023] The NL electrodes for Ad/C fiber stimulation can
have any form that provides a current density sufficient
for activating the cutaneous Ad/C fibers. Preferably, thin
cylindrical electrodes with a sharp pointed tip are used
as NL electrodes. The NL electrodes are attached to elec-
trically conductors like straps or wires arranged in the
electrode plate or on the plate, in which case they have
to be insulated; the conductors are in turn connected to
an electrical stimulator unit, such as the aforementioned
multi-channel stimulator. The number of NL electrodes
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should be more than three, although a lesser number
may suffice in certain applications. There is no upper limit
to the number of electrodes, but more than hundred or
two-hundred electrodes per electrode plate are rarely
needed when treating a patient. Particularly preferred are
NL electrodes comprising a preferably flat and preferably
circular base and an oblong rotationally symmetric, in
particular cylindrical, electrode element with a pointed tip
or a tip that is otherwise suitable for penetration of the
skin joined to the base at its other end, the electrode
element being joined to the base in a perpendicular re-
lationship. The base and the electrode element are of an
electrically conducting material, preferably of the same
material, such as stainless steel, silver-plated bronze,
chromium clad steel. The use of non-metallic conducting
materials, such as carbon or electrically conducting pol-
ymers, is also within the ambit of the invention. This kind
of NL electrodes provides for good control of the depth
of penetration of the skin by the electrode element and
for easy mounting on an electrode plate. The length of
the electrode element between tip and the base is be-
tween 0.05 and 5.0 mm dependent on the condition and
the skin area treated; a preferred length is about 0.3 mm.
The metallic NL-electrodes of the invention may, for in-
stance, be turned in a lathe from stainless steel blanks
or made from commercially available stainless steel nee-
dles that are cut to the desired length. The NL electrodes
can be adhesively attached to the electrically conductive
conductors in or on the electrode plate by using commer-
cially available electrically conductive glue (e.g. from
Eco-solder™ from AMEPOX-MC Inc.) or by point welding
or soldering. Except for at the tip the NL electrodes are
insulated to avoid current leakage. Insulation can be pro-
vided by, for instance, a thin polymer coat, such as one
of a silicon polymer or polyester.

[0024] The electrode plate of the invention thus pro-
vides a means for combined local sequential (or pat-
terned) multi-site independent stimulation of cutaneous
ApB fibers and AB/C fibers within the same skin area. It
takes advantage of the strong interactions in CNS be-
tween different modalities to induce itch and pain relief.
Due to the "masking" effect of A fiber stimulation (a buz-
zying feel) on AS/C fiber input (a feel of pricking), the
disclosed technique makes it possible to stimulate also
sensitive skin, such as in children.

[0025] Other types of interactions are also possible,
since the electrode plate of the invention allows the pro-
vision of any combination of patterned stimulation of Af
and AS/C fibers in the skin or even between deep afferent
nerves from e.g. muscles and cutaneous afferent fibers.
For example, itis possible to combine stimulation of deep
afferents with cutaneous Ad/C fiber stimulation by in-
creasing the strength of the stimulation of the plate elec-
trodes. Such stimulation is of particular interest for treat-
ing musculo-skeletal pain.

[0026] Itis preferred for the NL electrodes of the inven-
tion to be from 0.1 mm, more preferred from 0.2 or 0.3
mm, to 10 mm or more in length.
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[0027] According to the present invention, also dis-
closed is a method of stimulating sensory nerves, in par-
ticular sensory nerves of the skin, comprising:

e Providing a means for controlled consecutive epi-
dermal and intracutaneous administration of electri-
cal stimuli comprising a stimulation face provided
with a pattern of CP and NL electrodes;

¢ Mounting the stimulation face on a skin area to be
treated in an abutting relationship to make the elec-
trodes for intracutaneous administration penetrate
through the epidermis and the electrodes for epider-
mal administration to abut the skin, electrical con-
ducting contact of the latter with the skin being en-
hanced by a conducting means applied to the skin
or provided with the means for controlled consecu-
tive epidermal and intracutaneous administration;

e Stimulating sensory nerves by providing repeated
consecutive electrical stimuli via the electrodes to
the skin area.

[0028] It is preferred for the penetration depth of the
NL electrodes to be from 0.1, more preferred from 0.2 or
0.3, to 10 mm or more.

[0029] It is preferred for the mounting to comprise a
step in which the means is pressed against the skin by
applying a force to its face opposite to the stimulation
face, thereby temporarily flattening the means and allow-
ing portions of the skin surface to contact an adhesive
provided in depressions of the stimulation face. Upon
release of the pressure the means for administration of
electrical stimuli seeks to assume its original configura-
tion, thereby increasing the pressure on the electrodes
for intracutaneous administration.

[0030] The electrode plate of the invention has multiple
uses, such as the activation of endogenous mechanisms
that inhibit pain and itch in patients. The electrode plate
enables a precise stimulation of the receptors that are
related to the painful or itchy tissue; the increase of vas-
cularisation of the skin for cosmetic purposes or speed
up the healing of skin wounds;

[0031] The treatment of animals that for different rea-
sons cannot take drugs, such as horses or dogs that par-
ticipate in competitions; inresearch, by allowing electrical
stimulation of any combination of sensory input and for
studyinginteractions between different sensory channels
in the central nervous system.

[0032] The present invention will now be explained in
more detail by referring to a rough drawing illustrating a
number of preferred embodiments. In particular it should
be noted that, for reasons of clarity, the NL electrodes in
drawing are not to scale; both their length and diameter
are greatly exaggerated.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

Fig. 1 is first embodiment of the electrode plate of
the invention, in a perspective view;

Figs. 2a - 2c are NL electrodes comprising a base,
in a perspective view;

Fig. 3 is a planar view of the front face of the embod-
iment of Fig. 1, with a screen-printed wiring of the
electrodes shown;

Fig. 4 is second embodiment of the electrode plate
of the invention, in a non-applied state and in a sec-
tion transverse to columns of NL and CP electrodes;

Fig. 5 is a partial view of the electrode plate of Fig.
4, in an applied state and in the same view;

Fig. 6 is a third embodiment of the electrode plate of
the invention, in a perspective view;

Fig. 7is aplanar view of the front face of the electrode
plate of Fig. 6, with electrical wiring of columns of
CP and NL electrodes shown;

Fig. 8 is the electrode plate of Fig. 6, in the same
view as in Fig. 7, provided with a pattern of venting
bores;

Fig. 9 is a fourth embodiment of the electrode of the
invention, in a perspective view;

Fig. 10 is a planar view of the front face of the elec-
trode plate of Fig. 8;

Fig. 11 is a variation of the embodiment of Fig. 8, in
the same view as in Fig. 10;

Fig. 12 is a diagram illustrating a mode of pulsing
CP electrodes;

Fig. 13 is a diagram illustrating a mode of pulsing NL
electrodes.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

EXAMPLE 1. Embodiments of the electrode plate of the
invention

[0034] A first embodiment of the electrode plate of the
invention is illustrated in Figs. 1 and 3. The flat electrode
plate 10 comprises a plate element 1 of a polymer ma-
terial carrying, on its front face, a rectangular array of NL
electrodes 2, 3, 5, each comprising a base 3 and an elec-
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trode element 2 with a pointed tip 5, and CP electrodes
4, in which rows U, etc., cf Fig. 6, four NL electrodes 2,
3, 5, are interspaced with rows u, etc., cf Fig. 6, of CP
electrodes 4, each comprising three electrodes, inaman-
ner that each CP electrode 4 is equidistant from two pairs
of NL electrodes 2, 3, 5 in neighbouring rows. To provide
for consecutive stimulation rows or columns of NL and
CP electrodes can be electrically coupled butitis equally
possible to independently stimulate any desired combi-
nation of electrodes of the same kind and even each in-
dividual electrode (Fig. 3) by arranging corresponding
electrical connections, such as inform ofa bunched cable
11, to a multi-channel stimulator of known kind providing
controlled electrical pulses to the respective electrode or
combinations of electrodes. Each NL electrode 2, 3, 5 is
connected to a soldering board 8 disposed along one
long side of the plate element 1 by screen-printed con-
ductive metal bands 6 and each CP electrode 4 is con-
nected by corresponding bands 7. The terminal portions
of the metal bands 6, 7 on the soldering board are con-
nected via insulated copper wires (not shown) to a stim-
ulator unit capable of individually providing each NL elec-
trode 2, 3, 5 and each CP electrode with pulsed DC cur-
rent. Patches 9 of an adhesive material disposed be-
tween the NL electrodes to ensure attachmentof the elec-
trode plate 10 to the skin. The electrical leads 6, 7 are
insulated against the skin by a thin layer of polymer ma-
terial, as are the base plates 3 and most of the electrode
elements 2 except for a short portion extending from their
pointed tip 5. In addition to the adhesive or instead of it
the electrode plate 10 can be fastened to a selected skin
area by bandages, ribbons, plaster, etc. (not shown).
[0035] The free length, that is, the maximal depth of
penetration into the skin, of the NL electrode element
between its tip and its base or between its tip and the
surface of the plate element bordering to it is between
0.05 - 5.0 mm dependent on the condition and skin area
treated. The preferred length of the needle-like electrode
from tip to its base is around 0.3 mm. The NL electrodes
of the invention can have any form that provides a suffi-
ciently high electrical current density for activating the
cutaneous AS/C fibers.

[0036] Tomaintainthe NL electrodes fully inserted into
the skin during the administration of electrical stimulation
as well as for convenience they are mounted on an elec-
trode plate provided with clearly demarcated elevations,
such asridges and burls. The NL electrodes are mounted
on top of these elevations in a manner making them pro-
trude from the top or ridge thereof. The CP electrodes
are disposed in depressions or valleys enclosed by the
elevations. The depressions are provided with adhesive
for adhesive connection of the electrode plate to the skin.
In the process of attachment the spatial dimensions of
the electrode plate are changed. The electrode plate is
flattened to make the adhesive contact the skin. The at-
tachment of the following embodiments to the skin is
based on this principle.

[0037] The difference in height between the depres-
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sions and elevations should be more than 1 mm but less
than 10 mm. Smaller heights than 1 mm are useful for
very small elevated areas only. The NL electrodes pro-
trude from the elevations, which may be similar, for in-
stance, to crests of waves, i.e., the portions of the front
face that first come in contact with the skin when the
electrode plate is applied. The electrode plate element
can have any size and form, such as a rectangular, cir-
cular or oval form, but a size of between 10 cm?2 and 400
cm? is preferred. The thickness of the plate element, that
is, the distance between its front and rear faces, can be
different in different parts of it. For example, it is an ad-
vantage if the elevations are relatively rigid at their tips
and crests where the needle-like electrodes are an-
chored in the electrically conductive plate and that the
slopes extending from them to the valleys or depressions
are or of a resilient nature.

[0038] While generally substantially flat electrode
plates are best suited for application to flat skin sites,
electrode plates of the invention intended for applications
to non-flat body parts, such as arms, back or legs, in
particular knees shoulders and elbows, may be given a
form in which their front face mirrors the form of the skin
area to which it shall be applied. This problem can also
be solved by incorporating stretchable portions into the
front wall of the electrode plate, in particular between
rows of elevations and dimples.

[0039] The adhesive substance of the invention, which
may be electrically conductive, is applied to the bottom
of the depressions in the plate element. The adhesive
strength of the adhesive substance holding the plate el-
ement attached to the skin and the resilient tension in
the plate that pushes the plate away from the skin created
by flattening of the electrode plate when applying it to the
skin cause the elevated parts of the plate element and
with them the NL electrodes to be pressed against the
skin.

[0040] A second embodiment of the electrode plate of
the invention is illustrated in Figs. 4 and 5 in a state prior
to application to the skin and in an applied state, respec-
tively. The following explanation is concerned with ar-
rangements at the front face of the electrode plate. The
electrode plate 20 comprises a wavy polymer plate ele-
ment 22, 22°, 22" comprising crest 22 and valley 22" por-
tions joined by an intermediate portion 22’. First electri-
cally conductive copper bands 23 are held in recesses
inthe crest portions 22. Silver-plated copper NL electrode
elements 24 with a pointed tip 25 soldered to the free
face of the bands 23 are disposed substantially perpen-
dicularinrespect ofthe general plane X-X ofthe electrode
plate element22,22’, 22". Second electrically conducting
copper bands 26 are held in recesses in the valley por-
tions 22". CP electrodes 27 of an electrically conducting
material that has adhesive properties are equidistantly
attached to the second bands 26. A thin insulating layer
28 of polymer material is applied to the front face of the
electrode plate element 22, 22°, 22" except for a portion
of the NL electrode elements 24 extending from their tips
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25 and the front face of the CP electrodes 27. The elec-
trode plate element 22, 22’, 22" is made of a flexible and
resiliently compressible/extendable material such as
polyurethane or silicone rubber; the wall of its crest 22
and valley 22" portions is substantially thicker than the
wall of its intermediate portion 21°. This makes bending
and/or stretching and/or compression primarily occur in
the intermediate portions 22’.

[0041] Fig. 5illustrates the state of the electrode plate
20 afterapplication to the skin. In the course of application
the frontface of the electrode plate element 22, 22’, 22" is
made to abut the skin. By gentle pressure exerted on its
rear face the electrode plate element 22, 22’, 22" is flat-
tened and the NL electrode elements 24 are inserted into
the epidermis 31 including the horny layer 30, and made
to extend even into the dermis 32 with their sharp tip 25.
By the abutting contact of the adhesive CP electrode with
the skin the electrode plate 20 is firmly held in place by
keeping the NL electrode elements 23 under pressure
through the resilient nature of the polymer material of the
electrode plate element 22, 22’, 22" and thus firmly an-
chored in the tissue 30, 31, 32.

[0042] A third embodiment of the invention is shown in
Figs. 6 - 8. The electrode plate element 41, 41, 41" of
the electrode plate 40 is of thin and flexible but not ex-
tendable or compressible polycarbonate. Columns Al, Bl,
Cl etc. of NL electrodes 42 mounted on a base 43 are
disposed on ridge sections 41 of the plate element 40,
while columns ai, bi, ci, etc. of CP electrodes 44 are dis-
posed on bottom sections 41" of the valleys that are sep-
arated from the ridge sections 41 by side wall sections
41’. The pattern of electrode arrangement corresponds
to that of Fig. 1. The plate element 41, 41°, 41" can be
flattened by exerting pressure on its rear face when ap-
plying it to the skin. In the flattening process the thinner
side wall sections 41’ will bend so as to allow the ridge
sections 41 to approach the surface of the skin. The in-
crease in distance in the flattening process between NL
electrodes 42 disposed on neighbouring ridge sections
41, such as, for instance, the distance between the pair
of NL electrodes disposed at Al and All, is absorbed by
the resilient nature of the skin. Rolling the electrode plate
40 out on the skin by starting abutment at one of its edges
will minimize this increase in distance.

[0043] Fig. 7 is a planar view of the front face of the
embodiment of Fig. 6. Electrical connections 45, 47 of
columns of NL electrodes 42 and CP electrodes 44, re-
spectively, are indicated by dashed lines. The connec-
tions 45, 47 end in soldering eyes 50, 51, 52, 53 for col-
umns |, Il, etc. of NL electrodes 42 and 54, 55, 56 for
columns i, i, etc. of CP electrodes 44. The eyes 50, 51,
52,53, 54, 55, 56 are arranged for the fixation of electrical
conductors providing connection of individual columns
of electrodes to a control unit (stimulator). Patches of
adhesive 47 are applied to valley portions 41 adjacent to
CP electrodes 43 for adhesive fixation of the electrode
element 40 to the skin of a patient.

[0044] Fig.8isaduplicate of Fig. 7 exceptthatapattern
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of small through bores 58 communicating the front and
rear sides of the electrode plate element 41, 41°, 41" for
venting off humidity released from the skin.

[0045] Figs. 9 and 10 illustrate a fourth embodiment of
the electrode plate 60 of the invention. A number of burls
62 is disposed on an electrode plate element 61 in a
rectangular pattern of three columns K-M and four rows.
One pointed NL electrode 63 is arranged on the top of
each burl 62. Interspaced with the rectangular pattern or
array of the NL electrodes 63 is a rectangular pattern of
CP electrodes 64 of two columns k, 1 and three rows.
Patterns of adhesive patches 65, 65’; 66, 66’ arranged
on the plate element 61 in-between columns of burls/NL
electrodes 62, 63 and in zones disposed in-between col-
umns of burls/NL electrodes and long edges of the plate
element 61, respectively, are shown in Fig. 10.

[0046] The electrode plate 70 shown in Fig. 11 is a
variation of that of Figs. 9 and 10. The plate element 71
carries a substantially larger number of CP electrodes
74 per NL electrode 73 mounted on a burl 72. The CP
electrodes 74 are disposed in a rectangular array of two
columns r, s and seven rows; the NL electrodes 73 are
disposed in arectangular array of three columns R-T and
four rows. The adhesive patches disposed between col-
umns of burls/NL electrodes are designated 75, 75,
whereas those disposed adjacent to a long edge of the
plate element 71 are designated 76, 76’. For improved
adhesion the CP electrodes 74 are covered with an elec-
trically conductive adhesive.

[0047] The NL electrodes of the invention can be made
from stainless steel blanks, for instance, by a turning
them in a lathe, but they can also be made from com-
mercially available stainless steel needles that are cut to
the desired length. The NL electrodes are attached to
the electrically conductive straps or wires by using com-
mercially available electrically conductive glue (e.g., Eco-
solder™ from AMEPOX-MC Inc.) or by point welding or
soldering, depending on the material used.

[0048] While the CP electrodes are used for local stim-
ulation of A fibers they can also serve as reference elec-
trodes (usually coupled as anodes) for the pulses of cur-
rent provided through the NL electrodes (usually coupled
as cathodes). The CP electrodes can have any suitable
form but need to have a sufficiently large contact area to
ensure good electrical contact with the skin or the elec-
trically conductive adhesive substance (Uni-plate Inc.
USA) used in the invention of which they can be made
or with which they can be covered. The electrically con-
ductive area of the CP electrodes capable of abutting the
skin or contacting the electrically conductive adhesive
substance is > 1mm?2 but a size of >10 mm?2 is preferred.
In an electrode plate provided with elevations for mount-
ing the NL electrodes, such as in the electrode plates of
Figs. 6 and 9, the CP electrodes are disposed in depres-
sions or valleys between the elevations. In this case the
aforesaid conductive adhesive substance is used to both
attach the electrode plate of the invention to the skin and
to provide good electrical contact between CP electrodes
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and the skin. The conductive adhesive substance should
extend over a front face area of at least 100 mm?2 per CP
electrode. When using an electrically conductive adhe-
sive on top of the plate electrodes, the adhesive sub-
stance covering each plate electrode should occupy an
area of at least 100 mm? to ensure a good contact with
the skin. Instead of or in addition to the electrically con-
ducting adhesive an electrically nonconducting adhesive
can be provided on areas of depressions not covered by
the CP electrodes for securing the electrode plate on the
skin.

[0049] The electrically conductive straps or wires for
connecting the CP electrodes can be applied to the front
face of the electrode plate by screen printing.

[0050] Electrode plate elements of a woven or non-
woven material such as a medical plaster can also be
used. On their front face a printed circuit optionally in-
cluding CP electrodes can be provided in a single step
and insulated in part or fully in a following second step.
If desired, an electrode plate element of this kind can be
provided with elevations of a polymer material for mount-
ing of NL electrodes. It is also feasible to cover the entire
front face of the electrode plate of the invention with an
electrically conducting adhesive so as to provide one CP
electrode only; the NL electrodes would then be disposed
in islands not covered with adhesive.

EXAMPLE 2. Control of the electrode plate by stimulator

[0051] In one embodiment of the invention electrically
conductive straps, bonded to a thin and flexible sheet of
for example polyester, are used to connect the CP and/or
NL electrodes to a multi-channel stimulator. These straps
are electrically insulated, by e.g. a plastic non-conductive
film, except at the contact places for the electrodes and
the multi- channel stimulator. In another embodiment,
thin electrically conducting wires attached to the elec-
trode plate of the invention are used to connect the CP
and/or NL electrodes with a stimulator. The straps or
wires are electrically insulated except at their free ends
disposed at a circumferential side wall of electrode plate
for easy connection with an external multi-channel stim-
ulator (stimulating unit).

[0052] In a preferred embodiment the adhesive patch-
es are made of electrically conductive material. The ad-
hesive patches are then in contact with the CP electrodes
on the plate which are, in turn, connected to the stimu-
lating unit by insulated electrical conductors. In an alter-
native embodiment, patches of non-conductive adhesive
agentdisposed inthe depressions are kept separate from
the CP electrodes and the optional electrically conducting
substance ensuring good electrical contact of the CP
electrodes with the skin.

EXAMPLE 3. Venting perforations

[0053] The electrode plate of the invention of polymer
material can be provided with perforations providing com-
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munication between its front and rear faces to allow mois-
ture exuded from the skin to evaporate. Preferably from
1 % to 30 % of surface of the front and rear faces are
covered by the perforations. Alternatively, the polymer
material from which the main structure of the electrode
plate is made, such as polyurethane with open pores, is
permeable to water vapour.

EXAMPLE 4. Production of the electrode plate

[0054] The electrode plate of the invention is obtained
by, for instance, compression molding a thin polyester
sheet at elevated temperature. The electrode plate is
made of a flexible material (e.g. thin polyester) that can
adapt to different body curvatures and that is accepted
for medical use. The stiffness of the electrode plate must
be sufficient to cause a tension in the plate when flatten-
ing it. The stiffness can be determined by choosing a
polyester sheet of appropriate thickness. As mentioned
above it is an advantage if the stiffness of the electrode
plate varies between different regions. For example,
higher stiffness is required near the sites where the nee-
dle-like electrodes are attached to the plate than in re-
gions required to be flexible, in particular regions located
between the sites of attachment of the NL and PC elec-
trodes to the electrode plate, such as the sloping regions
between the tops or crests of the elevations and the bot-
tom areas of the depressions. Such variations in stiffness
can be provided by varying the thickness of the electrode
plate accordingly, reduced thickness increasing flexibil-
ity. The electrode plate of the invention can however also
be made of materials that are not only resiliently flexible
such as the aforementioned polyester plate or plate but
also resiliently extendible or stretchable. A preferred ma-
terial of this sort is polyurethane. To provide sufficient
stiffness in, for instance, electrode plate portions intend-
ed for mounting the NL and/or CP electrodes, the poly-
urethane matrix can be provided with stiffening elements,
such as glass or carbon fibres. The stiffening elements
prevent extension of the matrix in the direction of their
disposition.

[0055] In one embodiment, electrically conductive
straps of, for instance, copper are bonded by conven-
tional screen printing or etching techniques to a thin and
flexible sheet of for example polyester for connecting the
NL and CP electrodes to a multi-channel stimulator. A
polymer sheet of this kind can be made from, forinstance,
polyester by compression molding. However, the depres-
sions and elevations may also be produced by attaching
a compression-molded flexible material with the neces-
sary dimples and elevations to a flat, thin and flexible
polyester sheet provided with conductive straps. To in-
sulate the electrically conductive straps a thin plastic film
is laid on the front face and bonded to it by, for instance,
infrared heating; the polymer film must not cover the con-
tact sites for the NL electrodes or the CP electrodes. In
another but not preferred embodiment, thin wires of, for
instance, copper are attached to the rear face of the elec-
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trode plate for connecting the electrodes to a stimulator.
The NL electrodes can be attached to the electrically con-
ductive straps or wires by using electrically conductive
adhesive or by welding or soldering, depending on the
material(s) used. The CP electrodes are preferably of the
same material as the electrically conducting straps.
[0056] If resiliently stretchable areas in the electrode
plate are desired, instead of choosing an appropriate ma-
terial such as polyester, the compression molded sheet
carrying the electrically conducting wires can be cut to
produce sort of fingers. Each finger carries a number of
electrically conducting straps that connect a row of NL
electrodes and CP electrodes to the stimulating unit.
Preferably the fingers are joined on one side of the plate
like the root of a hand where the connections to the stim-
ulating unit are to be attached. Each finger contains a
row of elevations and dimples. The stiffness of the fingers
must be such that the required tension in the electrode
plate is produced on flattening the fingers. To hold the
fingers together a sheet of stretchable material such as
polyurethane or silicon rubber is posed on the rear face
of the electrode plate and bonded to it.

EXAMPLE 5. Multi-channel stimulating unit

[0057] The NL and CP electrodes can be addressed
separately by a stimulator that provides consecutive stim-
ulation. Such stimulators are commercially available.
Due to the multi-channel design of electrode plate, any
desired pattern of stimulation can be produced. The mul-
ti-channel stimulator unit should be as small as possible
and connected by a multi-wire cable to the electrode
plate. Re-chargeable batteries with a power sufficient for
1-3 treatments are preferred.

EXAMPLE 6. Stimulation

[0058] Stimulation is produced through any of the CP
or NL electrodes (usually a cathode) and a reference
electrode (usually an anode). Preferably the CP elec-
trodes are used as reference electrodes. To avoid that
the current always passes through the same CP elec-
trode, the stimulator should be programmed so as to use
a majority or all CP electrodes, except the active one (i.e.
the cathode), as reference electrodes (i.e. anode). For
example, in one moment current will pass through one
CP electrode (the cathode) and/or one NL electrode
(cathode) while the rest of the plate electrodes serve as
the anode. The following stimulation pulse is adminis-
tered via another CP electrode as the cathode, while the
other CP electrodes serve as anode, and so forth.

[0059] In a preferred embodiment, the stimulation via
one CP electrode and a neighbouring NL electrode is
phase-locked such that the signals produced in Ap fibers
will arrive at the spinal cord prior to and overlapping in
time with the signals produced in slower conducting A3/C
fibers. Pairs or other combinations of CP and NL elec-
trodes are stimulated consecutively in either a random
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pattern or in an orderly pattern. Various patterns are pos-
sible. For example, the NL and CP electrodes can be
stimulated pair-wise in a sequence starting at one side
(edge) of the electrode plate and proceeding from there
to the other side, thus causing a sensation of a sweeping
stimulation. This pattern mimics the sequence of input
that will occur naturally when scratching or massaging
the skin, and may be preferred by patients suffering from
chronic itch or pain.

[0060] Short high frequency pulse trains (bursts) of a
frequency (burst frequency) of 0.1-10 Hz are adminis-
tered via CP electrodes for stimulating Ap fibers. Pre-
ferred parameters are: internal frequency, from 50 to 400
Hz; burst length per CP electrode, up to 100 ms; pulse
duration, from 0.05 to 0.3 ms, more preferred 0.1 - 0.2
ms; current amplitude, up to 50 mA, more preferred less
than 20 mA. For stimulating deep afferent fibers the cur-
rent strength may have to be increased further. An ex-
ample of Ap fiber stimulation is shown in Fig. 12.
[0061] Single pulses of a frequency from 0.1 to 10 ms
are administered via NL electrodes for stimulating A5/C
fibers. Preferred parameters are: pulse duration,
0.5-10.0 ms, more preferred 1.0 - 5.0 ms; current ampli-
tude up to 2 mA, more preferred less than 1.2 mA. An
example of A5/C fiber stimulation is shown in Fig. 13.
[0062] To adapt the patient to the feelings produced
by the stimulator, the stimulation strength is preferably
increased in small steps during the first minutes of treat-
ment. The relative strength of Ap fiber stimulation may
be reduced over time as the patient adapts to the stim-
ulation sensation. These features are therefore prefera-
bly incorporated in the program by which the multi-chan-
nel stimulator controls the electrode plate of the inven-
tion.

EXAMPLE 7. Stimulation of A3/C fibers and A fibers

[0063] An electron plate of the invention was tested on
four healthy adults. The electron plate had four columns
with four NL electrodes each spaced 20 mm in a rectan-
gular array. Each NL column was flanked by a column
consisting of a single CP electrode (five in total) covered
with electrically conducting adhesive. The NL electrodes
were made in one piece. Their active length was 0.5 mm.
The electron plate was controlled by a stimulator capable
of pulsing each NL and each CP column individually and
consecutively.

[0064] The electrode plate was attached to the skin in
the manner described above. No additional fixation
means were required for holding it in perfect contact with
the skin. The NL electrodes were stimulated by pulses
of 1.0 ms duration, amplitude upto 1 mA, pulse frequency
2 Hz per electrode. The test persons reported a pricky
feeling very similar to that of CFS. Also, a flare reaction
surrounding each NL electrode was observed. Upon
stimulation of the CP electrodes with 10 pulse trains each
per second, internal frequency of 80 Hz, pulse amplitude
of up to 20 mA, pulse duration of 0.2 ms, the test persons
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reported a buzzying feeling. This demonstrates that the
electrode plate of the invention can be used to independ-
ently stimulate nociceptive A3/C fibers and tactile A fib-
ers. Moreover, in all persons tested the pricking sensa-
tion produced by NL stimulation was completely masked
by concomitant stimulation of neighbouring CP elec-
trodes, abolishing the aversive feeling of NL stimulation.

Claims

1. Electrode plate (10) comprising a stiff or flexible elec-
trically non-conductive plate element (1) having a
front face and a rear face and a pattern of needle-
like (NL) electrodes (2, 3, 5) for electrical stimulation
of cutaneous thin A§/C fibers and conductive plate
(CP) electrodes (4) for electrical stimulation cutane-
ous larae AR fibers disposed on the front face of the
plate element (1), characterised by each of the NL
electrodes (2, 3, 5) being electrically separate from
each of the CP electrodes (4).

2. The electrode plate of claim 1, wherein the CP elec-
trodes (4) are arranged in close proximity to the NL
electrodes (2, 3, 5) in a manner so to make an av-
erage distance of two to four of the CP electrodes
most closely disposed around one of the NL elec-
trodes to that NL electrode substantially shorter than
the corresponding distance of two to four of the most
closely disposed neighbouring NL electrodes.

3. The electrode plate of claim 1 or 2, comprising vent-
ing bores (58) communicating the front face with the
rear face.

4. Theelectrode plate of any of claims 1 - 3, comprising
an adhesive selected from electrically conductive or
non-conductive adhesive disposed on portions ofthe
front face for attaching the electrode plate to the skin.

5. Theelectrode plate of any of claims 1 - 9, comprising
NL electrodes (2, 3, 5) include an electrically con-
ducting base (3) and an oblong electrode element
(2) extending perpendicularly from the base.

6. The electrode plate of claim 5, wherein the electrode
element has a free end (5) which is pointed.

7. The electrode plate of any of claims 1 - 6, further
comprising electrical conductors (6, 7) each coupled
to one or to several NL electrodes (2, 3, 5) or to one
or to several of the CP electrodes (4), for connecting
single ones of NL and CP electrodes or groups of
the NL and CP electrodes to a stimulator unit.

8. The electrode plate of claim 7, wherein the conduc-
tors (6, 7) are attached to the front face of the elec-
trode plate.
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9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The electrode plate of claim 8, wherein the conduc-
tors (6, 7) are attached to the electrode plate by
screen printing.

The electrode plate of any of claims 1 - 9, further
comprising raised portions (22) on the front face,
wherein the NL electrodes (2, 3, 5) are mounted on
the raised portions of the front face.

The electrode plate of claim 10, wherein the raised
portions are designed to carry single NL electrodes
or rows of NL electrodes.

The electrode of any of claims 10 or 11, wherein
flexibility of the electrode plate is provided by inter-
mediate sections (22’) of the electrode plate element
disposed between sections of the electrode plate el-
ement carrying NL and CP electrodes.

The electrode plate of claim 12, wherein said inter-
mediate sections are compressible and/or extenda-
ble.

The electrode plate of claim 13, wherein the inter-
mediate sections are resiliently compressible and/or
extendable.

The electrode plate of any of claims 12 - 14, wherein
said electrically conductive adhesive is disposed on
sections of the plate element carrying CP electrodes.

The electrode plate of claim 15, wherein said elec-
trically conductive adhesive is disposed in electrical
contact with CP electrodes.

An assembly for administration of electrical stimula-
tion to the skin of a person comprising the electrode
plate of any of claims 1 - 16 and a multi-channel
stimulator unit capable of separately addressing said
NL and CP electrodes for consecutive stimulation.

The assembly of claim 17, wherein the CP electrodes
(4) are controlled by the stimulator unit to additionally
function as reference electrodes for the NL elec-
trodes (2, 3, 5).

The assembly of claim 17 or 18, wherein the CP elec-
trodes (4) are coupled as anodes in their function of
reference electrodes.

The assembly of any of claims 17 - 19, wherein the
stimulator is programmed so as to use a majority or
all CP electrodes, except the active one(s) as refer-
ence electrodes.

The assembly of any of claims 17 - 20, wherein one
of the CP electrodes (4) and a neighbouring one of
the NL electrodes (2, 3, 5) is phase-locked.
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The assembly of claim 21, wherein consecutive stim-
ulation is in a random pattern.

The assembly of claim 21, wherein consecutive stim-
ulation is in an orderly pattern.

The assembly of any of claims 17 - 23, wherein the
stimulator is capable of providing the CP electrodes
for stimulating A fibers with pulse trains (bursts)
having a burst frequency of from 0.1 Hz to 10 Hz; an
internal frequency of from 50 Hz - 400 Hz; a burst
length per CP electrode of up to 100 ms; a pulse
duration of from 0.05 ms to 0.3 ms; a current ampli-
tude of up to 50 mA, for stimulation of AB fibers.

The assembly of any of claims 17 - 24, wherein the
stimulator is capable of providing the NL electrodes
with single pulses of from 0.1 Hz to 10 Hz; a pulse
duration of from 0.5 to 10.0 ms; a current amplitude
of up to 2 mA.

Patentanspriiche

1.

Elektrodenplatte (10), die Folgendes umfasst: ein
steifes oder flexibles, elektrisch nichtleitfahiges Plat-
tenelement (1), das Folgendes aufweist: eine Vor-
derseite und eine Rickseite und ein Muster von na-
deladhnlichen (NL-) Elektroden (2, 3, 5) fir die elek-
trische Stimulierung von dinnen Ad/C-Hautfasern
und leitfahige-Platten- (CP-) Elektroden (4) fur die
elektrische Stimulierung von grof3en AB-Hautfasern,
die auf der Vorderseite des Plattenelements (1) an-
geordnet sind,

dadurch gekennzeichnet, dass jede der NL-Elek-
troden (2, 3, 5) von jeder der CP-Elektroden (4) elek-
trisch getrennt ist.

Elektrodenplatte nach Anspruch 1, wobei die CP-
Elektroden (4) in unmittelbarer Nahe zu den NL-
Elektroden (2, 3, 5) in einer Weise angeordnet sind,
um einen durchschnittlichen Abstand von zwei bis
vier der CP-Elektroden am ndchsten angeordnetum
eine der NL-Elektroden zu der NL-Elektrode herzu-
stellen, der im Wesentlichen kurzer ist als der ent-
sprechende Abstand von zwei bis vier der am nachs-
ten angeordneten, benachbarten NL-Elektroden ist.

Elektrodenplatte nach Anspruch 1 oder 2, die Ent-
liftungsbohrungen (58) umfasst, die die Vorderseite
mit der Riickseite in Kontakt bringen.

Elektrodenplatte nach einem der Anspriiche 1-3, die
ein Haftmittel umfasst, das aus elektrisch leitfahigem
oder nichtleitfahigem Haftmittel ausgewahlt ist, das
an Abschnitten der Vorderseite fir die Anbringung
der Elektrodenplatte auf der Haut angeordnet ist.
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5.

10.

1.

12.

13.

14.

15.

22

Elektrodenplatte nach einem der Anspriiche 1-4, die
NL-Elektroden (2, 3, 5) umfasst, die einen elektrisch
leitenden Boden (3) und ein langliches Elektroden-
element (2), das sich senkrecht von dem Boden er-
streckt, einschlielRen.

Elektrodenplatte nach Anspruch 5, wobei das Elek-
trodenelement ein freies Ende (5) aufweist, das spitz
ist.

Elektrodenplatte nach einem der Anspriiche 1-6, die
weiter elektrische Leiter (6, 7), die jeweils mit einer
oder mit mehreren NL-Elektroden (2, 3, 5) oder mit
einer oder mit mehreren der CP-Elektroden (4) ver-
bunden sind, fiir die Verbindung einzelner von NL-
und CP-Elektroden oder Gruppen von NL- und CP-
Elektroden mit einer Stimulatoreinheit umfasst.

Elektrodenplatte nach Anspruch 7, wobei die Leiter
(6, 7) an der Vorderseite der Elektrodenplatte ange-
bracht sind.

Elektrodenplatte nach Anspruch 8, wobei die Leiter
(6, 7) an der Elektrodenplatte durch Siebdruck an-
gebracht sind.

Elektrodenplatte nach einem der Anspriiche 1-9, die
weiter erhdhte Abschnitte (22) auf der Vorderseite
umfasst, wobei die NL-Elektroden (2, 3, 5) auf den
erhoéhten Abschnitten der Vorderseite befestigt sind.

Elektrodenplatte nach Anspruch 10, wobei die er-
héhten Abschnitte zum Tragen einzelner NL-Elek-
troden oder von Reihen von NL-Elektroden entwi-
ckelt sind.

Elektrode nach einem der Anspriiche 10 oder 11,
wobei die Flexibilitédt der Elektrodenplatte durch Zwi-
schenbereiche (22’) des Elektrodenplattenelements
bereitgestellt ist, die zwischen Bereichen des Elek-
trodenplattenelements, das NL- und CP-Elektroden
tragt, angeordnet sind.

Elektrodenplatte nach Anspruch 12, wobei die Zwi-
schenbereiche komprimierbar und/oder erweiterbar
sind.

Elektrodenplatte nach Anspruch 13, wobei die Zwi-
schenbereiche elastisch komprimierbar und/oder er-
weiterbar sind.

Elektrodenplatte nach einem der Anspriiche 12-14,
wobei das elektrisch leitfahige Haftmittel auf Berei-
chen des Plattenelements, das CP-Elektroden tragt,
angeordnet ist.

. Elektrodenplatte nach Anspruch 15, wobei das elek-

trisch leitfahige Haftmittel im elektrischen Kontakt
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23
mit CP-Elektroden angeordnet ist.

Aufbau fir die Verabreichung von elektrischer Sti-
mulation an die Haut einer Person, der die Elektro-
denplatte nach einem der Anspriiche 1-16 und eine
Multikanal-Stimulatoreinheit umfasst, die die NL-
und CP-Elektroden fiir aufeinanderfolgende Stimu-
lation getrennt ansprechen kann.

Aufbau nach Anspruch 17, wobei die CP-Elektroden
(4) durch die Stimulatoreinheit kontrolliert werden,
um zuséatzlich als Referenzelektroden flir die NL-
Elektroden (2, 3, 5) zu fungieren.

Aufbau nach Anspruch 17 oder 18, wobei die CP-
Elektroden (4) als Anoden in ihrer Funktion von Re-
ferenzelektroden verbunden sind.

Aufbau nach einem der Anspriiche 17-19, wobei der
Stimulator derart programmiert ist, sodass eine
Mehrheit der oder alle CP-Elektroden, mit Ausnah-
me der aktiven als Referenzelektroden, verwendet
werden.

Aufbau nach einem der Anspriiche 17-20, wobei ei-
ne der CP-Elektroden (4) und eine benachbarte der
NL-Elektroden (2, 3, 5) phasenstarr sind.

Aufbau nach Anspruch 21, wobei aufeinanderfol-
gende Stimulation in einem zufélligen Muster erfolgt.

Aufbau nach Anspruch 21, wobei aufeinanderfol-
gende Stimulation in einem geordneten Muster er-
folgt.

Aufbau nach einem der Anspriiche 17-23, wobei der
Stimulator den CP-Elektroden fir die Stimulation
von AB-Fasern Impulsfolgen (Bursts) bereitstellen
kann, die fur die Stimulation von AB-Fasern Folgen-
des aufweisen: eine Burst-Frequenz von 0,1 Hz bis
10 Hz; eineinterne Frequenz von 50 Hz-400 Hz; eine
Burst-Lange pro CP-Elektrode von bis zu 100 ms;
eine Impulsdauer von 0,05 ms bis 0,3 ms; eine Stro-
mamplitude von bis zu 50 mA.

Aufbau nach einem der Anspriiche 17-24, wobei der
Stimulator den NL-Elektroden einzelne Impulse von
0,1 Hz bis 10 Hz, einer Impulsdauer von 0,5 ms bis
10,0 ms, einer Stromamplitude von bis zu 2 mA be-
reitstellen kann.

Revendications

Plaque d’électrodes (10) comportant un élément for-
mant plaque (1) électriquement non-conducteur ri-
gide ou souple possédant une face avant et une face
arriere et un schéma d’électrodes (2, 3, 5) du type
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aiguille (NL) destinées a la stimulation électrique de
fibres A8/C minces cutanées et d’électrodes (4) sous
forme de plaques conductrices (CP) destinées a la
stimulation électrique de grandes fibres A cutanées
disposées sur laface avant de I'élément formant pla-
que (1), caractérisée par chacune des électrodes
NL (2, 3, 5) étant électriquement séparée de chacu-
ne des électrodes CP (4).

Plaque d’électrodes selon la revendication 1, dans
laquelle les électrodes CP (4) sont agencées a proxi-
mité étroite des électrodes NL (2, 3, 5) d’'un maniére
qui rend une distance moyenne de deux a quatre
des électrodes CP disposées les plus prés, autour
d’'une des électrodes NL, de I'électrode NL, sensi-
blement plus courte que la distance correspondant
a deux a quatre des électrodes NL voisines dispo-
sées les plus prés.

Plaque d’électrodes selon la revendication 1 ou 2,
comportant des trous (58) d’aération faisant commu-
niquer la face avant avec la face arriére.

Plaque d’électrodes selon I'une quelconque des re-
vendications 1 a 3, comportant un adhésif sélection-
né parmi un adhésif électriquement conducteur ou
électriquement non-conducteur disposé sur des par-
ties de la face avant destiné a la fixation de la plaque
d’électrodes sur la peau.

Plaque d’électrodes selon I'une quelconque des re-
vendications 1 a 4, comportant des électrodes NL
(2, 3, 5) comprenant une base électriquement con-
ductrice (3) et un élément allongé formant électrode
(2) s’étendant perpendiculairement a la base.

Plaque d’électrodes selon la revendication 5, dans
laquelle I'élément formant électrode possede une
extremité libre (5) qui est pointue.

Plaque d’électrodes selon I'une quelconque des re-
vendications 1 a 6, comportant en outre des conduc-
teurs électriques (6, 7), chacun étant accouplé aune
ou a plusieurs électrodes NL (2, 3, 5) oua une ou a
plusieurs des électrodes CP (4), permettant de relier
les électrodes individuelles NL et CP ou les groupes
d’électrodes NL et CP a un module de stimulateur.

Plaque d’électrodes selon la revendication 7, dans
laquelle les conducteurs (6, 7) sont fixés sur la face
avant de la plaque d’électrodes.

Plaque d’électrodes selon la revendication 8, dans
laquelle les conducteurs (6, 7) sont fixés sur la pla-
que d’électrodes par sérigraphie.

Plaque d’électrodes selon I'une quelconque des re-
vendications 1 a 9, comportant en outre des parties
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18.

19.

20.

25

surélevées (22) sur la face avant, dans laquelle les
électrodes NL (2, 3, 5) sont montées sur les parties
surélevées de la face avant.

Plaque d’électrodes selon la revendication 10, dans
laquelle les parties surélevées sont congues pour
porter des électrodes NL individuelles ou des ran-
gées d’électrodes NL.

Electrode selon I'une quelconque des revendica-
tions 10 ou 11, dans laquelle la souplesse de la pla-
que d’électrodes est fournie par des sections inter-
médiaires (22’) de I'élément formant plaque d’élec-
trodes disposées entre les sections de I'élément for-
mant plaque d’électrodes portant les électrodes NL
et CP.

Plaque d’électrodes selon la revendication 12, dans
laquelle lesdites sections intermédiaires sont com-
pressibles et/ou extensibles.

Plaque d’électrodes selon la revendication 13, dans
laquelle les sections intermédiaires sont élastique-
ment compressibles et/ou extensibles.

Plaque d’électrodes selon 'une quelconque des re-
vendications 12 a 14, dans laquelle ledit adhésif
électriquement conducteur est disposé sur des sec-
tions de I'’élément formant plaque portant des élec-
trodes CP.

Plaque d’électrodes selon la revendication 15, dans
laquelle ledit adhésif électriquement conducteur est
disposé électriguement en contact avec des électro-
des CP.

Ensemble destiné a I'administration d’'une stimula-
tion électrique sur la peau d’'une personne compor-
tant la plague d’électrodes selon I'une quelconque
des revendications 1 a 16 et un module de stimula-
teur a canaux multiples pouvant adresser séparé-
ment lesdites électrodes NL et CP a des fins de sti-
mulation consécutive.

Ensemble selon la revendication 17, dans lequel les
électrodes CP (4) sont commandées par le module
de stimulateur pour fonctionner additionnellement
comme électrodes de référence pour les électrodes
NL (2, 3, 5).

Ensemble selon la revendication 17 ou 18, dans le-
quel les électrodes CP (4) sont accouplées comme
anodes dans leur fonction d’électrodes de référence.

Ensemble selon 'une quelconque des revendica-
tions 17 a 19, dans lequel le stimulateur est program-
mé de fagon a utiliser une majorité ou l'intégralité
des électrodes CP, excepté celle ou celles qui sont
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21.

22.

23.

24.

25.

26
actives comme électrodes de référence.

Ensemble selon 'une quelconque des revendica-
tions 17 a 20, dans lequel une des électrodes CP (4)
et 'une des électrodes voisines parmi les électrodes
NL (2, 3, 5) est verrouillée en phase.

Ensemble selon la revendication 21, dans lequel la
stimulation consécutive s’effectue selon un schéma
aléatoire.

Ensemble selon la revendication 21, dans lequel la
stimulation consécutive s’effectue selon un schéma
ordonné.

Ensemble selon 'une quelconque des revendica-
tions 17 a 23, dans lequel le stimulateur peut fournir
les électrodes CP pour stimuler les fibres Ap avec
des trains (rafales) d’'impulsions présentant une fré-
quence de rafales comprise entre 0,1 et 10 Hz ; une
fréquence interne comprise entre 50 et 400 Hz ; une
longueur de rafale par électrode CP allant jusqu’a
100 ms ; une durée d’'impulsion comprise entre 0,05
et 0,3 ms ; une amplitude de courant allant jusqu’a
50 mA, pour la stimulation des fibres Ap.

Ensemble selon 'une quelconque des revendica-
tions 17 a 24, dans lequel le stimulateur peut fournir
les électrodes NL avec des impulsions individuelles
comprises entre 0,1 et 10 Hz ; une durée d'impulsion
comprise entre 0,5 et 10,0 ms ; une amplitude de
courant allant jusqu’a 2 mA.
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